This study examined the effect of dissolved oxygen concentration on the production of biomass and metabolites with antimicrobial activity of Pseudoalteromonas sp cultured at 0, 150, 250, or 450 revolutions per minute (rev. min -1 ). Dissolved oxygen (D.O) was monitored during the fermentation process, biomass was quantified by dry weight, and antimicrobial activity was assessed using the disk diffusion method.
INTRODUCTION
Nowadays, many drugs obtained from microorganisms are used. Bacteria of the genus Pseudoalteromonas are among marine microorganisms that produce bioactive substances, such as anti-inflammatory, extracellular enzymes, polymers, etc. (14, 19) . The genus Pseudoalteromonas produces a wide variety of metabolites that inhibit the growth of other microorganisms including pathogens such as Staphylococcus aureus (MRS) or Pseudomonas aeruginosa (4, 5, 12) . Among these compounds are several soluble substances of low molecular weight, such as pentabromopseudilin, and antibiotic substances of high molecular weight of protein nature (4, 17) .
This genus requires organic factors and depends on sodium ions for growth, it is strictly aerobic non-fermentative (13, 15) , and inhabits coastal waters, open sea, marine sediment, and Production of protein in Pseudoalteromonas sp various surfaces of marine organisms (10, 16) .
In aerobic bioprocesses, oxygen is one of the factors that greatly affect the growth of most microorganisms due to the low solubility in aqueous solution, and aerobic processes can become a critical factor for the production of specific metabolites. Oxygen can be supplied continuously by agitation to the culture medium and the dissolved oxygen concentration controls rely on regulation of agitation speeds (11) . Studies in terrestrial and marine organisms have shown that oxygen largely determines the production of biomass and secondary metabolites; for example, specific growth rate of the marine bacterium Vibrio harveyi increased with agitation (7).
Agitation of Pseudoalteromonas luteoviolacea at different
intensities did not affect biomass but influenced the production of violacein (26) . On the other hand, Pham et al. (21) observed in cultures of Bacillus sp l-1018 that aeration had no effect on the maximum value of biomass.
But in other cases, the effect of increasing the oxygen transfer rate can significantly reduce the cellular yield, as reported for Bacillus licheniformis (8) or, to the contrary, it can stimulate cellular yield of Xenorhabdus nematophila (25) .
However, in cultures of microaerophilic Campylobacter jejuni
and Pseudomonas aeruginosa PA01 dissolved oxygen (D.O) between 3 and 15% was optimal for growth, but above this value it had a negative effect on cellular growth (20, 22, 24) .
In previous studies, we isolated from marine sediment of the coast of Campeche, Mexico, a bacterium identified as Pseudoalteromonas sp., which showed antimicrobial activity against pathogenic bacteria (5) . The antimicrobial activity occurred in the stationary phase. In this study, we further investigated the effect of dissolved oxygen concentration on biomass production and antibacterial activity of the marine bacterium Pseudoalteromonas sp.
MATERIALS AND METHODS

Microorganism
The bacterium used in this study was obtained from sediment samples of the Gulf of Mexico, Campeche as described previously (5) . The strain was identified on molecular 16S rRNA gene sequence -based as Pseudoalteromonas sp., and the antimicrobial activity of biomass against human pathogens was reported (5).
Culture conditions
A pre-culture was prepared by inoculating 0. 
Effect of agitation
Erlenmeyer flasks of 250 mL with 50 mL growth medium mentioned before were inoculated with 5% of pre-culture cell 
Statistics
To establish statistical differences among groups we used one-way ANOVA. Kruskal Wallis and the Mann Whitney test for comparison between two groups by means of the GrapPad PRISMA4 software. Production of protein in Pseudoalteromonas sp
RESULTS
Effect of Agitation rate on biomass production
The final concentration of biomass produced at 72 h and 
Effect of Agitation rate on antimicrobial activity
As shown in Figure 2 (Fig. 3) . These data suggested that the intensity of agitation, which involves controlling the amount of oxygen dissolved in the medium, was a factor affecting the regulation of antimicrobial activity.
Furthermore, there were no differences of antibacterial profiles against the five pathogenic strains. The arrows show the position of molecular mass in kilodaltons.
DISCUSSION
In aerobic fermentation, the oxygen transfer rate from the gas phase to the culture medium is a key factor that strongly influences biomass productivity and diverse valuable metabolites.
In this study, we found that different agitation conditions in Pseudoalteromonas sp. culture did not affect the amount of biomass produced at the end of fermentation (Fig. 1) ). These data suggest that D.O had no effect on the production of biomass.
Similar data on the effect of agitation on biomass production of 
